Purpose PET (positron emission tomography) is a noninvasive imaging technique, visualizing biological aspects in vivo. In animal models, the result of PET study can be affected more prominently than in humans by the animal conditions or drug pretreatment. We assessed the effects of anesthesia, body temperature, and pretreatment with selective serotonin reuptake inhibitor on the results of
Introduction
PET is a noninvasive imaging technique using radiotracers to see and quantitatively measure various biological aspects of living subjects [1, 2] . Recent advances in PET technology have made it possible to image small animals [3] . Preclinical studies using small animal PET are rapidly increasing, since this modality makes it possible to image numerous biologic phenomena such as glucose metabolism, protein expression, neuroreceptor status, angiogenesis, hypoxia, apoptosis, and evaluation of treatment response in transgenic or disease models [4] . But the translation of animal studies into human requires caution because there are several differences between the species, such as metabolism. The pharmacokinetics and pharmacodynamics of radiotracers in small animals may vary according to the species and also the animal conditions during the PET study. Generally, in vivo PET imaging of small animals, anesthesia is needed to prevent motion artifacts, and so is warming to prevent hypothermia or death of the animal [5] [6] [7] . However, anesthesia is known to have significant effects on the central nervous, cardiovascular, and respiratory systems [8] . An anesthetized mouse is particularly prone to hypothermia because of its high surface area-to-mass ratio. The effects of anesthesia and body temperature on the pharmacokinetics and pharmacodynamics of radiotracers in mice may be more prominent than in humans since mice have approximately seven-fold higher basal metabolic rates per body weight than humans [9] .
is a promising PET radiotracer for striatal dopamine transporter (DAT) imaging with several advantages including fast pharmacokinetics, relatively long half-life, hydrophilic metabolites, and highresolution images of PET [10] . [12] , which cannot cross the blood-brain barrier, but the radioactivity of [ 18 F] fluoride absorbed by bones such as the skull can spill into the neocortical region of the brain, which may compromise the results of PET [13] . Some of these metabolites are known to be formed primarily by the cytochrome P450 isoenzymes (CYP), which are easily affected by the metabolic condition of the animal, as mentioned above [14] . Thus, the inhibition of these metabolisms could improve the quality of the images and the quantitative analysis of [ [16] . A successful application of this type of strategy will depend on the correct identification of the enzymes involved in the major step of radiotracer metabolism and the availability of safe and effective inhibitors of the identified enzymes. Recent studies of an adenosine A1 receptor radiotracer, [
18 F]CPFPX, demonstrated the feasibility of this approach. Oxidation of the cyclopentyl ring was established as the route of metabolism, and CYP1A2 was identified as the metabolizing enzyme [17] . Inhibition of this enzyme with fluvoxamine greatly reduced metabolism of radiotracers in human subjects [18] .
[ [22] . Thus, we hypothesized that pretreatment with fluvoxamine could affect the results of [ 18 F]FP-CIT PET in small animals and also in humans.
The goal of this study was to investigate the effects of the animal conditions during the PET study, such as the use of anesthetics, body temperature, and pretreatment with fluvoxamine, on the [
18 F]FP-CIT PET result.
Materials and Methods

Animal Preparation
All animal handling was performed according to the guidelines of the Institutional Animal Care and the Use Committee of the Asan Institute for Life Science. Twentyfour normal C57BL/6 mice aged 8 weeks and weighing 23-27 g were used.
Definition of Animal Conditions and Pretreatment with Fluvoxamine
Prescan animal conditions are summarized in Table 1 . Group 1 was kept under anesthesia and warming (38°C) PET scans were performed using the microPET Focus120 system (Siemens, Inc., Knoxville, TN, USA) with resolutions of 1.18 mm (radial), 1.13 mm (tangential), and 1.44 mm (axial) at the center of the field of view [24] . Twenty-eight-frame dynamic PET scans (6 × 0.5 min, 7 × 1 min, 5 × 2 min, 10 × 10 min) were acquired after injection for 120 min, except in group 2, in which only static images were acquired for 30 min at 90-min postinjection, to keep the mouse in an alert state without anesthesia during the uptake period. Regions of interest (ROIs) were manually drawn over the bilateral striatum, frontal cortex and bone (cervical spine). The standardized uptake value (SUV) of each target was obtained from the last three frames of the dynamic study (90-120 min after injection) and calculated in the static images using the following formula: SUV=decay corrected tissue activity concentration (Bq/ml)/injected dose (Bq) × body weight (g).
Statistical Analysis
Results were presented as mean±1 SD. Differences among the groups were tested by Mann-Whitney test and KruskalWallis one-way ANOVA with SPSS 17.0. Statistical significance was established at the level of 95%.
Results
Changes in Vital Signs According to Animal Condition During Uptake Period
When animals were kept under anesthesia for 90 min at room temperature (group 3), the rectal temperature dropped to 26.3°C±0.8°C, and the heart rate dropped to 278.8±23.4 beat/min. This dramatic change of vital signs was prevented when mice were kept on a warming pad (group 1, 36.7°C± 0.5°C, 305.8±219.2 beat/min) or went without anesthesia (group 2, 36.6°C±0.6°C, 389.8±56.9 beat/min).
Influence of Anesthesia and Warming
Uptakes in the striatum, cortex, and bone were significantly different among groups (P < 0.05). The lowest striatal specific to cortical non-specific uptake ratio and the highest bone to striatal uptake ratio were seen in group 2. The lowest bone to striatal uptake ratio was seen in group 3, with no significant difference in the striatal specific to cortical non-specific uptake ratio compared to the reference condition. Under all experimental conditions including the reference condition, striatal and cortical activity tended to form a plateau after rapid uptake and washout, but the activity of the bone tended to increase gradually (Fig. 2) . Figure 3 shows typical examples of PET scans in groups 1-3 acquired under the various conditions. The results of the quantitative data are summarized in Fig. 4 . Group 2 (no anesthesia without warming) showed reduced striatal and cortical uptakes at 90 min after injection (P<0.05), but no significant change in the bone uptake (P=0.564) when compared to the reference condition. Group 3 (anesthesia without warming) showed markedly reduced bone uptake (P<0.05), with increased cortical uptake (P<0.05) and an increased tendency in striatal uptake (P=0.248), even though statistically insignificant. 
Influence of Fluvoxamine Pretreatment
The results of the quantitative data are summarized in Fig. 5 . A significant increase of striatal uptake was shown when the dose of fluvoxamine reached 40 mg/kg and 80 mg/kg (P<0.05). No significant change of cortical uptake (P=0.311) was seen. Bone uptake was reduced gradually as the dose of fluvoxamine increased, although this finding was not statistically significant (P=0.220).
There was a gradual increase in the striatal specific to cortical non-specific activity ratio, but a gradual decrease in the bone to striatal uptake ratio (P<0.05).
Discussion
This study evaluated the effects of anesthesia and temperature of small animals on the results of [ 18 F]FP-CIT PET imaging study. Fluvoxamine, an anti-depressant SSRI frequently used in Parkinson's disease, was also explored to see its effect on Fig. 2 Time activity curve of the striatum, cortex, and bone uptake at reference condition (anesthesia with warming). SUV of the striatum and cortex show plateau after rapid uptake and washout, but SUV of the bone tended to increase gradually after rapid uptake and washout The chief finding of this study was that bone uptake was markedly decreased along with a slight increase in striatal and cortical uptake when the mice were anesthetized without any warming. Without anesthesia or warming, there was a significant decrease in striatal and cortical uptake without any significant change in Fig. 4 SUV or SUV ratios of target organs in each group. Compared to group 1 (anesthesia with warming, reference), group 2 (no anesthesia or warming) shows reduced striatal and cortical uptakes, and no significant change in the bone uptake. Group 3 (anesthesia without warming) shows markedly reduced bone uptake with slightly increased striatal and cortical uptakes compared to the reference condition. (Specific: striatal specific activity; Spc/Crt: striatal specific activity/cortical non-specific activity; Bn/Str: bone activity/striatal activity) Serially increased striatal uptake, especially at the dose of 40 mg/kg, without significant changes in the cortical uptake can be seen along with gradually reduced bone uptake as the fluvoxamine dose increases. There also was an increase in the striatal specific to cortical non-specific activity ratio (Spc/Crt), whereas the bone to striatal uptake ratio (Bn/Str) decreased. (Specific: striatal specific activity; Spc/Crt: striatal specific activity/cortical nonspecific activity; Bn/Str: bone activity/striatal activity) bone uptake. When the dose of fluvoxamine was raised, it induced a significant increase in striatal uptake, no change in cortical uptake, and a decrease in bone uptake in relation to the dose.
Under anesthesia without any warming, all the mice developed hypothermia. The zone of thermoneutrality in mice lies between 30°C and 34°C. In this range of temperature, the body temperature is controlled by heat convection, and no active processes are necessary for maintenance. At room temperature, mice need to generate heat by the activation of brown adipose tissue and muscle activities to maintain a stable body temperature. Accordingly, basal metabolic rates have been shown to be two times higher at room temperature than at the zone of thermoneutrality [25] . Like most chemical reactions, the rate of an enzyme-catalyzed reaction decreases as the temperature falls. A 10°C fall in temperature will reduce the activity of most enzymes by 50 to 100%. Variations in temperature as small as 1 or 2°may induce changes of 10 to 20% in the results. Thus, it is inferred that decreased enzyme activity in the whole body due to hypothermia resulted in the reduced production of the metabolite ([ ]FP-CIT uptake in the striatum. Therefore, hypothermia under 30°C will improve the image quality and quantitative results of PET, but it is not physiologic and cannot be used in routine procedures because of its potential to cause unstable vital signs and even possible death in small animals during the study.
The striatal uptake and striatal specific to cortical nonspecific activity ratio in the alert condition were significantly decreased without any changes in bone uptake, which suggest inversely that anesthesia per se increases the striatal uptake and striatal specific to cortical non-specific activity ratio. There is much evidence that isoflurane moves the DAT into the cytoplasm so that it inhibits the binding of the DAT-specific tracers [26] [27] [28] [29] , which is not concordant with our result. The discordance could be explained by the diversity of the examined tissues (in vitro vs. in vivo studies and Rhesus monkeys vs. rats or mice) or by the different concentrations of isoflurane.
Isoflurane is not only an anesthetic agent that affects neurotransmitter receptors, but is also an inhibitor of CYP2E1, which is a common mediator of drug defluorination in mammals [30] , and it may have interactions with the defluorination of [ 18 F]FP-CIT. However, our result showed that there were no significant changes between bone uptakes of anesthetized mice and alert ones, which is different from other studies demonstrating successful inhibitions of defluorination of [
18 F]FCWAY with the use of CYP2E1 inhibitors such as miconazole and disulfiram [15, 16] . Our results suggest that the inhibition of CYP2E1 by isoflurane may have a weak influence on the defluorination of [ 18 F]FP-CIT. The increased striatal DAT activity and specific to non-specific activity ratio may be explained by the decreased production of metabolites from [ 18 F]FP-CIT as a consequence of a significant decrease of the general biological metabolism, since anesthesia has broad effects on the central nervous system and the cardiovascular system [8] . Pretreatment with fluvoxamine induced a significant increase in the striatal uptake and striatal specific to cortical non-specific activity ratio, while causing a gradual decrease in bone uptake. This finding suggests that fluvoxamine may inhibit the defluorination of [ 18 [31] . Because CYP3A4, which is inhibited by fluvoxamine [32] , is involved in the N-dealkylation step [33, 34] , fluvoxamine may decrease the defluorination of [ 18 F]FP-CIT. The increase in striatal uptake was probably due to the rather preserved amount of the unmetabolized parent [
18 F]FP-CIT delivered to specific sites when compared to untreated group. The increased specific to non-specific uptake ratio may be attributed to the following explanations. One explanation is that the cortical DAT density may be too low to make a significant difference in the cortical uptake despite the escalation of fluvoxamine doses. Another explanation is that the increased cortical DAT binding of [
18 F]FP-CIT may be attenuated by the inhibition of cortical SERT binding because of the SSRI effect of fluvoxamine.
The limitations of this study are the rather small number of experimented animals and the usage of normal mice instead of parkinsonism models. Also, further in vivo and in vitro radiometabolite studies should be done in the future.
In conclusion, our study demonstrated that anesthesia, body temperature, and pretreatment with fluvoxamine affect the result of [ 18 F]FP-CIT PET study in mice by altering the striatal and bone uptakes.
